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A study of the particle multiplicity between jets with large rapidity separation has been performed
using the DO detector at the Fermilab Tevatygh Collider operating at/s = 1.8 TeV. A significant
excess of low-multiplicity events is observed above the expectation for color-exchange processes.
The measured fractional excessli®7 + 0.10(stad’)73(sysh%, which is consistent with a strongly
interacting color-singlet (colorless) exchange process and cannot be explained by electroweak exchange
alone. A lower limit 0f0.80% (95% C.L.) is obtained on the fraction of dijet events with color-singlet

exchange, independent of the rapidity gap survival probability.
PACS numbers: 13.87.Fh, 12.38.Qk, 13.85.Hd
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Jet production in hadron-hadron collisions is typically The DO detector and trigger system are described else-
associated with the exchange of a quark or gluon betweewhere [15]. The primary trigger used in the present analy-
interacting partons. In addition to these color-exchangeis was previously discussed in Ref. [12] and required
processes, the exchange of an electroweak color singlébpposite-side” jets with a large pseudorapidity separa-
(photon, W, or Z boson) or a strongly interacting color tion. In the off-line analysis, the two leadirfgy (highest
singlet (such as two gluons in a colorless state), can alswansverse energy) jets are required to heiwe> 30 GeV,
produce jets. Two jets separated by a rapidity gap, definedh| > 2, andn; X n, < 0. A cone algorithm with radius
as a region of rapidity containing no final-state particles R = (An? + A¢2)/2 = 0.7 is used for jet finding.
have been proposed as a signature for jet production via tHevents with more than one proton-antiproton interaction
exchange of a color-singlet (colorless) object [1,2]. Theoare removed since extra interactions would obscure a
retical calculations have confirmed that gluon radiationcolor-singlet signature and alter the multiplicity distribu-
between scattered partons is highly suppressed for colotion. This single interaction requirement yields a final
singlet exchange relative to color exchange [3,4]. data sample of 22 400 opposite-side jet events.

The multiplicity of final-state particles in the rapidity in-  An independent trigger required events on the “same
terval between jets offers a convenient way to distinguistside” of the detector in pseudorapidity. A final sample
color-singlet exchange from color exchange. Color-singlebf 23 200 same-side jet events is obtained by requiring a
exchange is expected to give a multiplicity near zero forsingle interaction and two jets with; > 30 GeV, |n| >
events that have no spectator interactions and a minimun2; andn; X 7, > 0. The same-side sample provides a
bias-like multiplicity distribution for events that contain qualitative measure of the color-exchange background
spectator interactions [2,3]. In contrast, color-exchangenultiplicity in the central rapidity region due to the color
events are expected to have a much higher mean multilow between the scattered and spectator partons. Hard
plicity and to be described by a negative binomial distri-single diffraction, which could produce a central rapidity
bution (NBD) or a sum of two NBD’s (double NBD) [5,6]. gap with two forward jets, is highly suppressed by the trig-
Low-multiplicity color-exchange events, which are a back-ger which required a coincidence of hits between the for-
ground to color-singlet exchange, become suppressed asrd and backward luminosity countgis9 < |n| < 4.3).
the rapidity interval between the jets increases. An excess The electromagnetic (EM) section of the calorimeter
of low-multiplicity events with respect to the distribution is used as the primary means of measuring the particle
for color exchange would indicate the presence of a colormultiplicity. The EM calorimeter has a low level of
singlet exchange process. noise and the ability to detect (with an energy-dependent

The magnitude of any observed excess can be usesfficiency) both neutral and charged particles|#dr=
to distinguish between a strongly interacting or purely4. A particle is tagged by the deposition of more than
electroweak color singlet. The exchange of a two-gluor200 MeV transverse energy in an EM calorimeter tower
color singlet, which has been proposed as a model fofAn X A¢ = 0.1 X 0.1). The DO detector has no central
the pomeron, is roughly estimated to account for 10% ofnagnetic field, but the central drift chamber (CDC) is
the dijet cross section [2,7,8], while the contribution from efficient for detecting charged particles foj| < 1.3 and
electroweak exchange is calculated to be about 0.1% [7provides an independent measurement of the multiplicity.
The survival probability §) for rapidity gaps to contain Figure 1 shows the number of EM calorimeter towers
no particles from spectator interactions is estimated to babove thresholdn(,;) versus the number of CDC tracks
(10-30)% in proton-antiproton collisions [2,3,9]. Thus, (n4x) in the region|n| < 1.3 for the (a) opposite-side and
the fraction of dijet events with an observable rapidity gap(b) same-side samples. The two distributions are similar in
is expected to be about (1-3)% for two-gluon color-singletshape except at very low multiplicities, where the opposite-
exchange and (0.01-0.03)% for electroweak exchange. side sample has a striking excess of events, consistent with

Although evidence exists for color-singlet (pomeron)a color-singlet exchange process. For both samples,
exchange in single-diffractive jet events [10,11], theseandn.y are strongly correlated, confirming that either can
events are typically produced with low momentum trans-be used as a measure of particle multiplicity. Events for
fer,0 < |7] < 2 (GeV/c¢)?. The DO and CDF Collabora-
tions have previously reported the observation of rapidity,, sg7
gaps in dijet events [12,13], which, in contrast to single- s
diffractive jet events, have a rapidity gap between the jet™
and|¢| > 900 (GeV/c)?. Recently, rapidity gaps between
jets also have been observed in electron-proton collision
[14]. This Letter presents a new analysis, based on th
same data as in Ref. [12], that provides clear experiment:
eVIden(?e for ].et prodgctlon via color-singlet exchange aEZIG. 1. The calorimeter tower multiplicity n(,;) vs the
a level inconsistent with an electroweak exchange ProCeS$harged track multiplicity #.+) in the pseudorapidity region

alone. In this work, pseudorapidity, = — Intan(/2),is || < 1.3 for the (a) opposite-side and (b) same-side samples
used as an approximation for true rapidity. as described in the text.
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which CDC information was unavailable (roughly 30% of background forn.,; < ny. Note that any experimental
the opposite-side sample) do not appear in the figure. effects that produce a smearing of zero multiplicity color-
A model for the multiplicity in color-exchange events is singlet events to slightly higher multiplicities are reduced
necessary to measure the low-multiplicity excess observelly the integration over low-multiplicity bins.
in the opposite-side data. We use the double NBD, Figure 3(a) shows the.,; distribution between the cone
which has four parameters and a relative normalizationedges of the two leading jets for the opposite-side data
to parametrize the color-exchange component of theample. Also shown is the double NBD fig{/df =
opposite-side multiplicity distribution between jets. 0.9, ny = 3) and its extrapolation to zero multiplicity. In
This parametrization is supported by color-exchangeontrast with the color-exchange data and Monte Carlo
data and Monte Carlo samples. Figure 2(a) shows thatamples, the opposite-side sample has a significant ex-
the same-side.,; distribution for|n| < 1 is well parame- cess at low multiplicity. The multiplicity in the central
trized by the double NBD over the full range of multiplicity calorimeter [n| < 1), a region well away from the jet
giving a y2/df (degrees of freedom= 0.9. Additional  edges, is plotted in Fig. 3(b) for the same events. Al-
support is given by a color-singlet-exchange-suppressetthough the distribution has a lower mean multiplicity, its
subset of the opposite-side data obtained by demandinghape (excluding low-multiplicity bins) is also well fit by
the presence of a third jet (with; > 8 GeV) between a double NBD §2/df = 1.0, np = 2), and a clear excess
the two leading jets. Figure 2(b) shows the multiplic-is again present at low multiplicity. The excess, defined
ity for these events in the pseudorapidity region betweeras the integrated difference between the data and the dou-
the jet cone edges, excluding the multiplicity of the thirdble NBD fit in the extrapolated region, &5 + 20 and
jet. The double NBD fits the distribution reasonably well 237 = 21 events for Figs. 3(a) and 3(b), respectively.
(x*/df = 1.2) over the full range of multiplicity. Monte Using a single NBD instead of a double NBD to fit the
Carlo color-exchange events, generated wighwiG [16]  data in Figs. 3(a) and 3(b), as done in Ref. [19], gives a
and PYTHIA [17] and passed through a simulation of thesignificantly larger excess of 339 and 421 events, respec-
DO detector [5,18], provide further support for the doubletively. Although the single NBD fit gives &%/df = 1.1,
NBD (not shown). None of these color-exchange sampleBkelihood and KS tests show that the shape of the double
have a significant excess of events at low multiplicity fromNBD is significantly favored over the single NBD.
physics processes or detector effects. The excess observed at low multiplicity is consistent
The low-multiplicity excess observed in Fig. 1(a) is with the presence of color-singlet exchange, but the frac-
determined as follows. First, a double NBD is fit to tional excess is a more relevant quantity for theoretical
the opposite-side calorimeter multiplicity distribution be- comparisons. The fractional exceisis defined as the av-
tween the two leading jets using a binned maximum like-erage excess above the double NBD fit for starting points
lihood method. The overall normalization is set to theof ny andny + 1 divided by the total number of events.
number of events in the fitted region and the relative nor\We obtain a fractional excess ¢k = 1.07% from the
malization of the two NBD’s is determined by minimizing multiplicity distribution between the jet edges shown in
a modified Kolmogorov-Smirnov (KS) statistic, which is Fig. 3(a). Using the distribution in the regidm| < 1
defined as the sum of the squared differences between tlfi®m Fig. 3(b), we obtain a consistent value of 1.14%.
cumulative distributions of the data and the fit. Next, the The exact fit parameters depend on the definition of
starting bin fo) for the fit is incremented successively by particle multiplicity, but the fractional excess is relatively
one and the remaining bins refit until the’/df in the independent of this definition. Varying the calorimeter
first five bins of the fit is less than 2.0 (i.e., C.k. 7%).
The final fit is then extrapolated to zero multiplicity to

. 3
determine the excess above the expected color-exchan g g1l
N v
10 107 107 -
107 10 | 10 |
(a) (b)
10

1 10 100
"cal

Ly 20 20 60 s0 Lo 20 40 6 FIG. 3. The number of events ws,; (shifted up by half a unit
Moy Mo in multiplicity) is plotted on a log-log scale for all opposite-side
jet events, where (a) shows the multiplicity between the cone
FIG. 2. The calorimeter tower multiplicity n{,;) for the  edges of the two leading jets and (b) shows the multiplicity in
(a) same-side and (b) color-singlet exchange suppressed ddtee region|n| < 1. The solid lines represent the double NBD
samples. The solid lines are double NBD fits to the data. Thdits for (a) nop = 3 and (b)ny = 2, while the dashed lines show

insets show each plot on a log-log scale. the extrapolation of each fit ta.,; = 0.
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tower E7 threshold and refitting the multiplicity yields a of the color-exchange background and confirms that
consistent value of s. Redefining a particle as a CDC this background is small for the rapidity gap fraction
track or a “cluster” of neighboring calorimeter towers previously measured in Ref. [12]. Using the multiplicity
results in an excess that is (3—15)% greater. We thudistribution between the jet edges, we obtain a frac-
assign a conservative 15% systematic error oifs due to  tional excess above the color-exchange background of
the uncertainty in defining particle multiplicity. 1.07 = 0.10(stad 373 (sysh% which is consistent with the
Systematic effects from uncertainties in jet reconstrucpresence of strongly interacting color-singlet exchange
tion, energy scale, and acceptance result itt¥e un-  and inconsistent with electroweak exchange alone.
certainty in the measured excess. Uncertainty in the We thank the Fermilab Accelerator, Computing, and
identification of single-interaction events gives an addi-Research Divisions, and the support staffs at the collabo-
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ing the fit parameters to produce a one unit changg?n Department of Energy, the U.S. National Science Founda-
and remeasuring the excess. Combining the above errotion, the Commissariat a L’Energie Atomique in France,
in quadrature givegs = [1.07 = 0.10(stad " 373(sysh]%  the Ministry for Atomic Energy and the Ministry of Sci-
from the multiplicity distribution between the jet edges. ence and Technology Policy in Russia, CNPq in Brazil,
Although a low-multiplicity excess is clearly present in the Departments of Atomic Energy and Science and Edu-
the opposite-side sample, theoretical interpretatiorfsof cation in India, Colciencias in Colombia, CONACyYT in
is complicated by uncertainties in the survival probability. Mexico, the Ministry of Education, Research Foundation
In contrast with our previous measurement which usednd KOSEF in Korea, and the A.P. Sloan Foundation.
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